Objectives: Several studies suggest a link between circulating 25-hydroxyvitamin D (25(OH)D) and metabolic risk factors. However, this relation has been mainly studied in elderly and/or obese subjects. In addition, the relation between 25(OH)D and adiponectin is unclear. The purpose of this study is to look at these relations in non-obese young individuals. Design: We investigated the relation between serum 25(OH)D and adiposity, blood pressure, glucose metabolism, lipid profile, and adiponectin in 381 randomly selected university students (201 males and 180 females, mean age 23.9G3.9). Results: In the overall population, 25(OH)D is significantly inversely correlated with body mass index (BMI), systolic blood pressure (SBP), waist circumference (WC), fasting plasma glucose (FPG), insulin levels, and homeostasis model assessment of insulin resistance (HOMA index) and positively correlated with adiponectin and high density lipoprotein-cholesterol (P!0.01 for all variables). In males, these correlations are still significant for BMI, SBP, WC, and adiponectin (PZ0.02, PZ0.01, PZ0.04 and PZ0.01 respectively); also, 25(OH)D is inversely correlated with low density lipoprotein (LDL)cholesterol (PZ0.007). In females, 25(OH)D is only inversely correlated with FPG and HOMA index (P!0.001 and PZ0.03 respectively). In multivariate regression analysis models, after adjustment for sex and BMI, 25(OH)D is an independent predictor of FPG and SBP (PZ0.032 and PZ0.05 respectively) in the overall population, while in males 25(OH)D is a predictor of LDL-cholesterol and SBP independently of BMI (PZ0.007 and PZ0.035 respectively). Conclusion: In non-obese young subjects, we observe new relationships between 25(OH)D and several metabolic risk factors and adiponectin. Further research is needed to elucidate the gender differences and to look at the relation between 25(OH)D and adiponectin. A novel pathway for sequential transformation of 7-dehydrocholesterol and expression of the P450scc system in mammalian skin.
Introduction
In addition to its essential role in bone health, vitamin D has multiple extraskeletal beneficial effects (1) . Among these effects, several studies in adults suggest a link between vitamin D and cardiovascular disease risk (2) (3) (4) , diabetes or HbA1c levels (5, 6) , hypertension (7) (8) (9) (10) , and dyslipidemia (4) . Reduced circulating 25-hydroxyvitamin D (25(OH)D) concentrations were found to be associated with higher fasting serum glucose (11, 12) , reduced insulin sensitivity (13) (14) (15) , increased risk of type 2 diabetes (5, 16, 17) and either increased risk (18, 19) or no effect on the metabolic syndrome (MetS) (20, 21) . On the other hand, results from interventional studies are controversial, showing either no effect of vitamin D supplementation on the risk of developing diabetes (22) or an attenuation of the increase in glycemia and insulin resistance that occur over time (23) .
Definite conclusions from all the observational studies are limited because of the considerable variability in studied cohorts and, often, because of the lack of adjustment for important confounders, such as adiposity. In addition, most of the studies were performed in adult patients with glucose intolerance, diabetes or obesity. To our knowledge, very few studies have been performed in young non-obese individuals (13) .
Moreover, the relation between circulating 25(OH)D and adiponectin has only been reported in a recent study performed in non-diabetic adults and where a positive relationship was found between the two variables (24) .
The purpose of this study is to look at the relation between 25(OH)D levels and body mass index (BMI), insulin sensitivity, blood pressure, lipid parameters, and adiponectin in a population of young healthy non-obese individuals.
Materials and methods

Participants
Participants are students recruited from the Saint-Joseph University Medical Sciences Campus, located in Beirut. Three hundred and eighty one randomly selected students (201 males and 180 females) out of the 390 initially selected ones of both genders accepted to participate in the study. Population age ranged between 18 and 30 years, with a mean of 23.9G3.9 years.
Every participant signed a written and informed consent that had been previously approved by our University Ethical Committee. Exclusion criteria were pregnancy, use of contraceptive pills or of drugs that may affect lipid profile and/or metabolic parameters.
The following anthropometric measures, performed using the same devices throughout this study, were taken by a registered nurse: height in meters, weight in kilograms (kg) using a manual scale, and waist circumference (WC), taken at the umbilicus, in centimeters (cm). Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured in seated subjects after a rest for at least 15 min using a mercury tensiometer. BMI was calculated as weight in kg/squared height in meters. Subjects were classified as MetS positive according to the Adult Treatment Panel III criteria (25) whenever at least three out of the five following risk factors were found: increased WCO 102 cm in men and O88 cm in women, elevated serum triglycerides R1.70 mmol/l, reduced serum high density lipoprotein (HDL)-cholesterol!1.04 mmol/l in men and 1.30 mmol/l in women, fasting plasma glucose (FPG)R6.1 mmol/l, elevated SBPR130 mmHg and/or DBPR85 mmHg.
Exercise level was evaluated according to the following score: 0 for no exercise, 1 for 30 min of exercise less than twice weekly, 2 for 30 min of exercise between two and five times weekly and 3 for 30 min of exercise more than five times weekly.
Biological parameters
Peripheral blood was collected after a 12 h fasting period. Collection was done mainly during the winter (158 subjects), spring (126 subjects), and fall (76 subjects) seasons. Only 21 blood samples were collected during summer; this is mainly due to the summer vacations of the students. In the hour following blood withdrawal, samples were centrifuged and serum was divided in several aliquots: some were stored at K80 8C for insulin, adiponectin and 25(OH)D measurements later, and others were sent for biochemical analysis. Biochemical parameters (glucose, total-cholesterol, triglycerides, and HDL-cholesterol) were measured using an automated COBAS Integra 400, Roche Diagnostics. Low density lipoprotein (LDL)-cholesterol was then calculated using the Friedwald equation. 25(OH)D was measured using the Dia Sorin RIA (Stillwater, MN, USA). The assay sensitivity was 1.5 ng/ml and intraassay coefficient of variation (CV) was below 12%. Fasting insulin level was measured using a commercial chemiluminescent assay (Immulite, DPC, Los Angeles, CA, USA). The assay sensitivity was 2 mIU/ml and CV was below 9%. Adiponectin was measured using a commercially available RIA kit (Linco Research, Inc., St Charles, MO, USA). The assay sensitivity was 1 ng/ml and intraassay CV !9.5%. Insulin resistance was calculated using the homeostasis model assessment of insulin resistance (HOMA index), defined as (fasting immunoreactive insulin in mU/l!FPG in mmol/l)/22.5 (26) .
Statistical analysis
Statistical analysis was performed using the SPSS version 13.0. Data are expressed as mean or as percentageGS.D. value. Student's t-test was used to compare mean values between men and women. The c 2 test was used to analyze both differences in proportion and distributions of men and women across the seasons. Spearman coefficient of correlation was used to assess linear correlation between 25(OH)D and other variables. Different models of regression analysis were performed in which 25(OH)D was studied as an independent variable and each metabolic risk factor as a dependent variable. Finally, and in order to identify an eventual interaction between sex and other variables, regression analysis were performed including the interaction variables. Data were considered statistically significant if P values were !0.05.
Results
Baseline characteristics of the population (clinical and biological parameters) were shown in Table 1 . BMI, WC, SBP, and DBP were all statistically higher in male subjects compared with females (P!0.0001 for all variables). In addition, FPG, insulin, HOMA index, and triglycerides were all statistically higher in males compared with females (P!0.0001, PZ0.02, PZ0.009, P!0.0001 respectively), while HDLcholesterol and adiponectin were statistically lower (P!0.0001 for both variables). 25 (OH)D in relation to gender, BMI, WC, SBP, DBP, and exercise The mean 25(OH)D levels in the overall population was 31G12.48 ng/ml with a lower mean value in men compared with women (29.01G11.23 ng/ml in men versus 33.2G13.4 in women, PZ0.001; Table 1 ). This gender difference disappeared after adjustment for both BMI and season (PZ0.56). The adjustment for seasons was performed because the recruitment was not equally balanced between men and women across the seasons (PZ0.001). In addition, 25(OH)D was inversely correlated with BMI, SBP, DBP, and WC (PZ0.001, P!0.0001, PZ0.004, and P!0.0001 respectively). Finally, there was no significant correlation between 25(OH)D and exercise score (rZ0.07, PZ0.16).
25(OH)D in relation to clinical, biological parameters, and MetS in the overall population
25(OH)D in relation to biological parameters
25(OH)D was inversely correlated with FPG, insulin, and HOMA index (PZ0.003, PZ0.005, PZ0.003 respectively), and positively correlated with adiponectin and HDL-cholesterol (PZ0.002 and PZ0.005 respectively). After adjustment for BMI, the correlation of 25(OH)D persists for SBP and glucose (PZ0.009 and PZ0.015 respectively) but is at the limit of significance for WC (PZ0.08), adiponectin (PZ0.11), and HDLcholesterol (PZ0.052).
In relation to the MetS 25(OH)D levels do not differ statistically between the 20 MetS positive subjects and the MetS negative ones (respectively 28.65G15 vs 31.1G12.34 ng/ml, PZ0.38). Also, the correlation between 25(OH)D levels and the number of MetS risk factors was non-significant (PZK0.09).
25(OH)D in relation to clinical and biological parameters separately in men and women
In males, 25(OH)D levels were inversely correlated with BMI, SBP, WC, and LDL-cholesterol (PZ0.02, PZ0.01, PZ0.04, and PZ0.007 respectively) and positively correlated with adiponectin (PZ0.01; Table 2 ). After adjustment for BMI, the difference persisted for SBP and LDL-cholesterol (PZ0.035 and PZ0.001) but disappeared for WC and adiponectin. In females, 25(OH)D was only inversely correlated with FPG and HOMA index (P!0.001 and PZ0.034). The correlation with FPG persisted after adjustment for BMI (P!0.001).
In addition, in males, no difference in 25(OH)D levels was observed in the 15 MetS positive male subjects compared with those without the MetS (PZ0.5).
We then performed interaction tests comparing men and women for clinical and biochemical parameters. The P value for the interaction test was only significant among all the studied parameters for FPG (PZ0.002) and was at the limit of significance for LDL-cholesterol (PZ0.056).
Multivariate regression analysis models looking at 25(OH)D as an explanatory variable for each of the metabolic risk factors
Separate regression analysis was performed where each of the metabolic risk factors was introduced as a dependent variable and 25(OH)D as an independent variable ( Table 3 ). Only the variables that were at baseline significantly correlated with 25(OH)D (P!0.05) in Table 2 were analyzed. Each regression was performed at baseline (model 0), after adjustment for sex (model 1), sex and BMI (model 2) and, finally, sex, BMI and exercise score (model 3). 25(OH)D was found to be an independent predictor of both FPG and SBP after adjustment for sex and BMI (PZ0.032 and PZ0.05). After a further adjustment for exercise score, the significance persisted for FPG (PZ0.037) but was at the limit of significance for SBP (PZ0.09). A similar approach was performed in the male population (data not shown in tables). After adjustment for only BMI, 25(OH)D predicted both SBP and LDL-cholesterol (PZ0.035 and PZ0.009 respectively), while after adjustment for both BMI and exercise score, the significance persisted for LDL cholesterol (PZ0.007) but was at the limit for SBP (PZ0.07).
Discussion
Our study investigated in a young healthy non-diabetic population the relations between 25(OH)D levels and both adiponectin and several metabolic risk factors such as BMI, WC, SBP, HOMA index, and lipid profile.
The main new finding of the present study is the positive association between 25(OH)D and adiponectin. After adjustment for sex, BMI, and exercise score, this association disappears, similar to the results of the Liu report (24) . Although after adjustment for BMI this association is non-significant (PZ0.11), one cannot exclude a possible direct association between these two variables. In fact, a previous in vitro study found that calcium and 1,25-dihydroxyvitamin D 3 regulate the expression of adipokine in visceral fat (27) , suggesting that vitamin D may upregulate the adiponectin gene. The association between vitamin D and adiponectin may be also mediated by cytokines since 1,25(OH)2D plays a role in dawn regulating the tumor necrosis factor a-gene (28) which is one of the factors that affects the adiponectin synthesis (29) . Because adiponectin has a protective role against atherosclerosis (30) , one can speculate that the cardiovascular protective effect of vitamin D is partly mediated by adiponectin. The reason behind the gender difference we observe in this relation is unclear. Because decreased levels of adiponectin are found in men compared with women (31) and this may be androgen induced (32) , an interaction between sex steroids and vitamin D in the adiponectin gene regulation may exist. In addition, our study shows in the overall population a significant inverse correlation between 25(OH)D levels and HOMA index, FPG and insulin levels; this relation is independent of BMI for FPG levels, and is non-significant in our male population. The reason for the weak and non-significant relation in males is unclear. It is possible that an increase in the sample size might lead to significant correlations. Several observations have linked vitamin D deficiency to alterations in glucose metabolism (11, 12) . Cross-sectional studies have shown inverse correlations between 25(OH)D levels and both fasting serum glucose (12, 24) and insulin resistance (13) (14) (15) 24) . However, all these studies were mainly performed in older adults (12, 15, 21, 23, 24) or in obese subjects (either obese children and adolescents (14) or obese adults (33, 34) ). In addition, after adjustment for BMI, the vitamin D relation to insulin resistance was found to be independent of BMI in elderly non-diabetic men (15) and non-diabetic adults (24) , while, on the contrary, in obese subjects (34) , the association between vitamin D and the MetS lost its significance after adjustment for BMI and fat mass. The only study that was performed in glucose-tolerant young subjects revealed an independent negative association between 25(OH)D levels and plasma glucose during an oral glucose tolerance test (13) . Moreover, in this last study, there was also an independent correlation between 25(OH)D and insulin sensitivity index measured by a hyperglycemic clamp (13) . The reason for these discrepant results could be the nature of the studied cohorts, or the way insulin sensitivity assessment was made. Finally, a recent interventional study (35) showed that in adults without diabetes, correction of vitamin D deficiency is not associated with any effect on blood glucose or insulin sensitivity (assessed by an oral glucose tolerance test), adding more controversies to the subject.
Independent of BMI, we found an inverse relationship between SBP and 25(OH)D. This finding was observed in our overall population as well as in our male population. The relation between vitamin D and blood pressure has also been the subject of several publications (8) (9) (10) . In one of these studies (10), both SBP and DBP were higher in vitamin D deficient subjects, but only SBP was an independent predictor of vitamin D deficiency after adjustment for BMI, a finding that has been confirmed in our study. In another study (9) , obese children and adolescents with vitamin D insufficiency had increased SBP. Finally, results from an interventional study (8) showed that, in hypertensive subjects exposed to u.v. B radiation three times a week, a significant reduction of both SBP and DBP by 6 mmHg was observed. A plausible mechanism for the association between vitamin D deficiency and high blood pressure is an activation of the renin-angiotensin system. In fact, calcitriol is known to be a negative endocrine regulator of this system (36). At the opposite, serum 25(OH)D was not associated with blood pressure in older Dutch men and women, possibly due to the relatively high 25(OH)D levels in this population (37).
Finally, we found in our male population that, independent of BMI, high LDL-cholesterol was associated with vitamin D insufficiency. This association was not found in the overall population. The relation between 25(OH)D and lipid profile has also been the subject of several reports. In the Chiu et al. study (13) , an independent negative correlation of 25(OH)D concentration with total and LDL-cholesterol was observed. In another study (9) , obese children and adolescents with vitamin D insufficiency had decreased HDL-cholesterol. Finally, more recently, in healthy young subjects, a significant negative correlation was observed between 25(OH)D and the ratio of LDL/HDL-cholesterol (38). Results of all of these studies are in line with what we have found in our male population. It is plausible that u.v.-irradiation has a beneficial effect on lipids through the photo conversion of 7-dehydrocholesterol to lumisterol (39). It is also possible that an influx of cholesterol from plasma lipoproteins could increase 7-dehydrocholesterol concentrations which in turn increase vitamin D synthesis.
The reason for the gender difference we observe in relation between vitamin D and metabolic risk factors is unknown. The young age and the low BMI of our female population could be explanatory factors. The sex steroid environment could also play a role. Finally, this difference may disappear if we either increase the sample size of the female population, or if we include a female population with higher BMI, since only the FPG led to a significant interaction when comparing men and women. Our findings are in line with the results of another study (21) in which a sex difference in the parathyroid hormone (PTH)-MetS association was observed. In that study (21) , an increased risk of MetS with elevated PTH was observed in older men but not in women.
Our study may present certain limitations. First, it was performed in a young subgroup of the Lebanese population with high educational level, and subsequently with relative adequate vitamin D status. This finding may weaken the relation between 25(OH)D levels and metabolic risk factors, more particularly in our female population. In addition, our study is limited by the cross-sectional nature of its data, which impedes the ability to infer causability between vitamin D and those risk factors. Finally, our relative small sample size compared with other larger crossectional surveys may also limit the ability to detect significant associations.
In conclusion, this study looked for the first time at the relation between vitamin D status and multiple metabolic risk factors in non-obese young subjects. We find a clear relation between 25(OH)D levels and both FPG and SBP in our overall population, while in addition in males 25(OH)D is associated with LDL-cholesterol. More importantly, we describe a new positive relation between adiponectin and 25(OH)D. This finding should be further looked at in other populations, either by crosssectional or interventional studies.
